Outbreaks of anthrax zoonose occurred in two regions of France in 1997. Ninety-four animals died, and there were three nonfatal cases in humans. The diagnosis of anthrax was rapidly confirmed by bacteriological and molecular biological methods. The strains of Bacillus anthracis in animal and soil samples were identified by a multiplex PCR assay. They all belonged to the variable-number tandem repeat (VNTR) group (VNTR) 3 . A penicillin-resistant strain was detected. Nonvirulent bacilli related to B. anthracis, of all VNTR types, were also found in the soil.
Bacillus anthracis is the causal agent of anthrax, a serious, often fatal infection in both livestock and humans. Animals are infected by contact with soilborne spores. Humans are infected only incidentally, via contact with diseased animals or their waste products. Virulent strains of B. anthracis produce toxins and are encapsulated. These strains have two virulence plasmids: pXO1, which encodes the toxins, and pXO2, which encodes the capsule (3, 10) . For the genotyping of strains, we have developed a multiplex PCR assay (12) using primers specific for pXO1 (toxin genes pag, lef, and cya), pXO2 (the capsule operon, cap), and a chromosomal marker (Ba813) specific to B. anthracis strains (11) . To our knowledge, B. anthracis is one of the most molecularly monomorphic bacteria. However, vrrA, a gene containing a variable-number tandem repeat (VNTR) region, was recently described (6) . In this VNTR region, a polymorphism involving five variants, differing in the number of copies (two to six) of the 12-bp tandem repeat, has been described. Rapid PCR analysis can be used to distinguish the five types. This makes it possible to classify the various strains on the basis of the number of VNTRs present. This characteristic varies with the geographic origin of the isolates, with the (VNTR) 4 and (VNTR) 3 types being most common in Europe. Two field outbreaks of anthrax occurred in the summer and fall of 1997 in France. These new molecular tools (multiplex PCR and VNTR analysis) were used to characterize B. anthracis strains isolated from animals and to analyze samples from the environment.
Case reports. The first outbreak occurred in the Pyrenees. The most recent previous outbreak in this area occurred in 1994, but not in the same pastures. The first cases appeared toward the end of May at 1,000 m above sea level, in very humid areas. The outbreak began after a period of heavy rain that followed a very dry spring, and it lasted from the end of May to July, occurring in several places. Thirty-five cows died, and 82 herds, or some 1,800 cows in total, were vaccinated. A dog which had eaten contaminated cow carcasses developed septicemia with B. anthracis but recovered after treatment (14) .
The second outbreak occurred in the Alps. It began at the end of July and lasted until October. The most recent previous outbreak in this region occurred during the 1980s. As in the Pyrenees, the first cases appeared after a long period of drought followed by torrential rain at the beginning of July. A similar weather pattern was also reported for the Etosha National Park outbreaks (9) .
The livestock of 15 farms in the Alps was affected. Fifty-eight of 381 cows died, 2 of them 8 and 18 days after vaccination, when protection was probably not yet established. A 1-monthold calf, suckled by hand and reared outdoors, died suddenly of anthrax. On autopsy were found four stomach ulcers, probably the route of entry of the bacteria. The cattle in this area were vaccinated, with the vaccination program covering 35 farms and 750 animals (14) .
Three human cases of anthrax occurred in the Pyrenees; these involved a veterinarian, a farmer, and a young boy, all infected via wounds after contact with infected animals. All were treated and subsequently recovered.
No human cases were reported in the Alps, but antibiotics were given as a preventive measure.
Diagnosis and identification of B. anthracis. All deaths in the contaminated area were recorded. Whenever a carcass was found, blood and/or tissue specimens were collected immediately, and the bacterium involved was identified if the sample was taken early enough. Classical bacteriological tests, guinea pig inoculation, and PCR were carried out simultaneously (Table 1). A total of 11 strains were identified. This relatively small number could be explained by the fact that (i) no more than one dead animal was sampled in each affected farm and (ii) most animals were in mountain pastures, thus preventing rapid autopsy of carcasses.
All of the B. anthracis strains isolated were nonmotile, penicillin sensitive (except one), glucose positive, and nonhemolytic. The virulence of the strains was tested by subcutaneous injection of 0.3 to 0.5 ml of culture (0.5 McFarland units) into guinea pigs. The guinea pigs died within 48 to 72 h, with edema occurring at the inoculation point. Bacteria were recovered from the spleen or liver, and PCR analysis demonstrated the presence of the virulence plasmids, pXO1 and pXO2. The DNA amplification procedure was performed as previously described (12) . The DNA template was prepared by boiling a fresh colony for 15 min in sterile distilled water. Thus, all of the results obtained by these methods were consistent. The Sterne samples used for vaccination in both regions were also tested; as expected, they were found to contain only pXO1.
One strain, 8490, isolated from a cow in the Alps, was unexpectedly found to be resistant to penicillins (A and M), ampicillins, and cephalosporins but sensitive to tetracyclines and aminoglycosides, macrolides, and quinolones (as determined by disc diffusion). The presence of beta-lactamase was indicated by the Cefinase test (Biomerieux). Penicillin-resistant B. anthracis strains are rare (about 3% of anthrax strains) but have been reported in various countries (2, 8) . However, to our knowledge, this was the first report of such a strain in France. Preventive strategies involving the use of antibiotics should take the possibility of resistance into account.
B. anthracis was detected in the milk of three infected animals shortly before, or just after, their death. Such cases of milkborne anthrax infection in dairy herds have been described before (1) .
The number of VNTRs was determined by PCR for each isolate, using the EWA1 and EWA2 primers and reference VNTR DNAs (kindly provided by P. Jackson) ( Table 1 ). All isolates from both regions had (VNTR) 3 , thus supporting previous reports that the VNTR number is stable in vivo during an outbreak (5). The two Sterne strains used for vaccination in these outbreaks had (VNTR) 4 , as reported by Jackson et al. (6) .
The capsulation state of the strains was investigated by growing B. anthracis cells on CAP plates in an atmosphere of 5% CO 2 -95% air (13) . For two isolates, one from the Pyrenees (RA3R) and one from the Alps (7611R), a rough colony was detected among the smooth, encapsulated colonies on CAP plates. This suggested that the clone had spontaneously lost the pXO2 plasmid of the virulent parental strain. PCR analysis showed that these were (VNTR) 3 but had no cap markers, consistent with the loss of pXO2.
Environmental survey. Forty-five soil and water samples were collected from the sites at which carcasses were found; two springs, stream water, mud and effluent from a clearing station, and the straw used to feed the infected calf were sampled. Some carcasses were in an advanced stage of decomposition when they were found, and two cows were found dead in stream water. The soil and water samples were heated at 65°C for 15 min and then plated on PLET medium, which is selective for B. anthracis (7, 9) . Samples from areas used for feeding vultures in the Pyrenees were also analyzed. No B. anthracis was isolated, although some of these areas were used to lay out carcasses found in mountain pastures at the start of the outbreak, prior to anthrax diagnosis. However, the possibility of a role for vultures in dissemination has to be taken into account because anthrax spores are found in scavenger feces (4, 9) . B. anthracis was detected in one Pyrenees soil sample (6687/ 5107), collected in the vicinity of a carcass. This sample contained 3,000 spores/g of soil, and the isolate had (VNTR) 3 ( Table 2 ). All other samples tested negative for B. anthracis. A similarly low level of anthrax spore isolation from a contaminated area was also reported in the Etosha National Park (9) .
The Ba813 marker was detected by PCR in several colonies initially thought to be B. anthracis, since they grew on PLET medium (Table 2) . However, these isolates were motile, hemolytic Bacillus species, and most were penicillin resistant. They appeared to be B. cereus strains and were found in various samples from both regions. The Ba813 marker had never before been found in the closely related species B. cereus and B. thuringiensis and was thus far considered to be specific for B. anthracis. VNTR analysis of these isolates was performed, and amplicons were detected for most (Fig. 1) . The PCR amplicons were analyzed by electrophoresis through 3.5% (wt/vol) Metaphor agarose gels (FMC; Sigma) in 0.5ϫ Tris-borate-EDTA containing ethidium bromide. Electrophoresis was carried out for 4 h at 80 V. We did not determine the entire sequences of these amplicons, so we defined VNTR-like categories. In contrast to the virulent B. anthracis strains of this study, which all had (VNTR) 3 , all five VNTR categories (2 to 6) described for B. anthracis were found among the Bacillus sp. strains, which were therefore deemed more polymorphic. The overall characteristics of these Ba813-positive strains isolated from soil ruled out the possibility that they were simply derived from B. anthracis by spontaneous curing of the virulence plasmids. Further studies are required to assess how closely related these strains are to B. anthracis. Thus, the methods used in this field survey made it possible to rapidly detect and determine the genotype of B. anthracis in various samples from animals and soil.
